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BASICS IN NONUNION 

BY LAITH AL HSEINAT



Outlines :

• Epidemiology 

• Bone healing 

• Definition of Nonunion

• Pathophysiology

• Risk factors for the development of a nonunion

• Evaluation and Diagnosis 

• General treatment principles 



A 30 yr old male pt , MF , smoker  ; sustained a closed femoral shaft fracture after falling from his horse .
Fixed by IM nail , 14 months the pt continue complaining of pain and weakness of his limb 



NONUNION

• > 2% ; Males ; 25-45 yrs

• Biology : Diabetes (X7 folds )

• Tibia 5% ; clavicle 5% ; humerus 3%

• Diagnosis : ¾ cortices( rabbits!); RUST (4/16) 

• Treatment concepts: ”Diamond” ; ‘’5 pillars ‘’ ; Calori (NUSS)





















NONUNION



Definition :

• Nonunion occurs when a fracture has failed to heal in the expected 
time ( long bones 6 months , NOF 3 months )  and is not likely to heal 
without new intervention.

• (FDA) in the USA defines nonunion as follows: “…the decision that a non-
union has been established should not be made until a minimum of nine 
months has elapsed since the injury, and the fracture site has shown no 
radiographical sign of healing progression, i.e., no change in the fracture 
callus, for the final three months ‘’



• Delayed union occurs when a fracture has not completely healed in 
the time expected, but still has the potential to heal without further 
intervention. 

• Pseudoarthrosis : subclassification of nonunion

because of excessive and chronic motion, an actual synovial 
pseudocapsule is formed, containing fluid much like an actual synovial 
joint 



Pathophysiology, Etiology, and Risk Factors for 
Nonunion 



In other words  … the factors that can influence the 
rate and the likelihood of uncomplicated and timely 
fracture healing are : 

• The characteristics of the original injury, 

• the patient's ability (or inability) to generate a normal healing 
response to the particular injury, 

• the mechanical and biologic environment created by the chosen 
treatment method, 

• the presence or absence of associated infection



Fracture-Specific Factors Related to Nonunion 

• The involved bone 

• The specific location of the fracture within any given bone

• The degree of soft tissue Injury 

• bone loss

• the degree of open fracture by virtue of its providing a source of 
bacterial contamination







question



Host Factors Related to Nonunion :

• Smoking

• Vascular disease

• Diabetes

• exposure to certain medications (NSAIDs) ???

• the presence of osteoporosis , Hypovitaminosis D 

• advanced age

• Malnutrition 

• immunosuppression, including steroid use, Rheumatoid disease, and 
malignancy



Peripheral neuropathy and hemoglobin A1c levels above 7% were significantly associated with bone-healing 

complications in the foot and ankle







Ketorolac administered in the first 24 hours after 
fracture repair for acute pain management does 
not seem to have a negative impact on time to 
healing or incidence of nonunion for femoral 
or tibial shaft fractures.



The issue is controversial and better to 
avoid NSAIDs in fx management 



Treatment Factors Related to Nonunion :

• mechanical stability (excessive vs inappropriate)

• Improper technique  

• Poorly fitting nails 

• Rigid internal fixation with bone gaps

• Poor soft tissue handling and excessive stripping 



Infection as a Factor Related to Development 
of Nonunion :
• The inflammatory process in response to infection may inhibit 

fracture healing by causing excessive remodeling and osteolysis

• Tissue necrosis may be accelerated by infection 

• Loose nonvital bone fragments and bone pieces demarcated by 
osteoclastic activity are eventually transformed into sequestra 

• Infection not only predisposes to nonunion, but also makes nonunion 
repair substantially more complex, often requiring multistaged 
treatment protocols 



Study of infected nonunion



Termonology:

PJI :













PJI :



AP radiograph of an infected 
nonunion of the femur after IM 
nailing. 



Lateral radiograph and sagittal 

CT scan showing a sequestrum 



Question about infected nonunion



Question about infected nonunion



Classification of Nonunion :

• Nonunions may be classified based on the presence or 
absence of infection and the relative biologic activity of the 
fracture site. 

• Septic nonunion implies that there is an infectious process at the site 
while aseptic nonunion is the absence of infection 

• Further classification of nonunion is an attempt at describing the 
biologic occurrences or lack thereof at the fracture site. Atrophic, 
oligotrophic, and hypertrophic nonunions

• Radiographic analysis is the most common method used to 
distinguish among these classification types 



Classification of nonunion :

1. According to location :
• Epiphyseal 
•  metaphyseal 
•  diaphyseal

2.    Presence or absence  of infection :
   septic vs Aseptic

3.  the biologic occurrences :
• Atrophic
• Oligotrophic
• Hypertrophic 
• Pseudoarthrosis     

 



Atrophic Nonunion 

• referred to as avascular, nonviable, or avital nonunion indicates poor 
healing response with little or no bone-forming cells active at the 
fracture site

• The blood supply to an atrophic nonunion is typically poor 

• This is typically manifested radiographically by the absence of any 
bone reaction 

• This lack of healing response may be because of : the injury (e.g., 
open fracture) or subsequent surgical treatment (e.g., surgical 
stripping of soft tissues about the fracture site) or because of host 
issues (e.g., diabetes or smoking)





Initial post 
op xrays 

Xrays 
after 3 
months 
post op 



Hypertrophic Nonunion:

• referred to as hypervascular, viable, or vital nonunion. Associated is 
an adequate healing response with satisfactory vascularity.

• These fractures lack adequate stability to progress to union.

• The viable healing fibrocartilage cannot mineralize because of 
unfavorable mechanical factors at the fracture site. 

• This is manifested radiographically by callus formation, usually 
abundant, with an interceding area of fibrocartilage-lacking mineral, 
and so appearing dark on standard radiographs ( Elephant foot )





Oligotrophic Nonunion :

• represent a condition somewhere between atrophic and hypertrophic 
nonunions 

• They are viable, but usually manifest minimal radiographic healing 
reaction (callus) 

• inadequate approximation of the fracture surfaces 

• A bone scan may be necessary to distinguish this type of nonunion 
from a frankly atrophic one. (oligotrophic - increased uptake where 
the atrophic - relative cold )





Pseudoarthrosis :

• subclassification of nonunion

• has properties of hypertrophic nonunion, but because of excessive 
and chronic motion, an actual synovial pseudocapsule is formed, 
containing fluid much like an actual synovial joint 

• The medullary ends are usually sealed and an interceding cold cleft 
is noted on bone scan 

• Management of these nonunions usually requires debridement of 
the pseudoarthrosis, opening of the medullary canal, and 
enhancement of stability, typically with compression at the 
nonunion site. 



Pseudoarthrosis in 
20 years pt , after 
shotgun injury and 
nonoperative 
treatment. 



Congenital 
pseudarthrosis of the 
tibia( 6.6 yr old pt ) . And  
At 12.8 years old, 6.2 
years after VFG (B)



Evaluation and Diagnosis of Nonunion :

• The Most critical step

• The goal :
• to discover the etiology of the nonunion 

• To form a plan for healing the nonunion

• Use a work sheet 



Patient History :

• Date and mechanism of injury of the initial fracture

• Preinjury medical problems, disabilities, or associated injuries

• Pain and function limitations

• Details of each prior surgical procedures such as nail dynamization. 

• Prior treating surgeons & review all medical records ( open wounds, 
contamination , Cx reports , crush injuries , periosteal stripping , 
devitalized bone fragments , etc)



• IV and oral Abx use

• Problems with wound and episodes of soft tissue breakdown

• Perioperative complication (venous thrombosis , nerve injuries , etc)

• Adjuvant nonsurgical therapies



• NSAIDs use and its use discontinued

• Cigarette smoking

• From practical standpoint, however it is unrealistic to delay treatment 
of symptomatic nonunion until the PT stops smoking



Physical exam:
• The general health and nutritional status

• The skin and soft tissue 

• Active drainage, sinus formation, deformity

• Manually stressed to evaluate motion and pain

• Neurovascular examination

• Active and passive ROM of adjacent joints

• Anterior and posterior iliac crests 







• Plain radiographs :

• Original Fx films :
• Initial boney injury

• The progression and the lack of progress

• Status of orthopaedic hardware

• Subsequent radiographs :
• Evolution of deformits

• Missing or removed boney fragment

• Added bone grafts

• Implanted bone stimulators

Radiographic Assessment of Nonunion 



• Current Radiographs :
• AP _Lateral and two Oblique views

• Small cassette films

• Bilateral Ap and Lateral 51-in

• Flexion/Extension lateral radiographs













Computer Tomography
• Estimate percentage of the cross-sectional area that shows bridging bone

•  > 5%  in Nonunion
•  <25% in healed or healing  Fx Nonunion

• Intraarticular Nonunions
• Articular step-off
• Joint incongruence

• Rotational deformities

• CT scan highly sensitive (100%) but Lack of specificity ( 62%) in the 
diagnosis of nonunion. 



AP (A) and lateral (B) radiographs 6 
months after repair of a distal humeral 
nonunion show equivocal healing.

 C: Coronal CT demonstrates a lucent 
line consistent with nonunion 
prompting revision nonunion repair 
where solid healing, rather than 
nonunion, was encountered. 

Further scrutiny of the CT reveals 
healing of the posterior cortices of the 
medial (D) and lateral (E) columns 



Nuclear Imaging

• Bone vascularity at the nonunion site

• The presence of synovial Pseudoarthrosis (cold cleft between two 
intense areas of uptake 

• Infection
• Increased blood flow and blood pool as demonstrated during the first and second phases of a 

three-phase bone scan are consistent with the inflammatory reaction seen with infection, but 
are not pathognomonic for infection.

• Combined use of a 99mTc and a 67Ga scan has produced inconsistent results for accurately 
detecting infection at the site of nonunion



• Technitium-99m – prophosphate (“bone scan”)

• Radiolabled White Blood Cells Scan (such as with Indium-111 or 
Technitium-99m –HMPAO { HexaMethylPropylene Amine Oxide})

• Gallium scan is useful in the evaluation of chronic bone infection

• Newer technologies such as single-photon emission computed 
tomography (SPECT) have been investigated for use in differentiating 
infected from noninfected and vital from nonvital nonunions.

• high specificity but low sensitivity to confirm nonviability at a nonunion site 



Laboratory Studies for the Diagnosis of Nonunion 
• Markers of bone metabolism are natural targets for such 

investigation but have not yet been proven to be clinically reliable

• General health :
• Electrolytes
• CBC
• Albumin level , transferrin level

• Infection :
• ESR , CRP
• Aspiration and biopsy ( cell count and gram stain , Cx for aerobic, anaerobic , 

fungal , acid-fast bacillus organisms. All Abx should be discontinued at least 
for 2 weeks prior to aspiration)



Prediction of Nonunion
• Squared-Error Skill Score (SESS), at 6 and 12 weeks after treatment of 

39 femur and tibia fractures .

• The Nonunion Risk Determination (NURD) score was used at the time 
of definitive fixation

• These investigations suggest that waiting an arbitrary length of time, 
such as at least 6 months



• retrospective review at a Level I academic trauma center
• The study cohort consisted of patients with tibial shaft fractures treated with nail insertion from 2007 through 2014
• 382 patients at time 0, 323 at 6 weeks, and 240 at 12 weeks
• The Nonunion Risk Determination (NURD) score was used at the time of definitive fixation and assigned:

5 points for flaps,                                                      4 points for compartment syndrome,
3 points for chronic conditions, 2 points for open fractures, 
1 point for :   male gender, American Society of Anesthesiologists Physical Status and percent cortical contact,   
spiral fractures and for low-energy injuries

• NURD score of 0 to 5 had a 2% chance of nonunion; 6 to 8 has 22% ;  9 to 11 has 42%;  and more than 12  has 61%





• In this study, 111 studies, involving 41,429 subjects .

• The prevalence of nonunion in patients with tibia fracture was 0.068 and 15 
potential factors were associated with the prevalence including :

 > 60 years old,                                                                          male gender ,

tobacco smoker,                                                                        body mass index > 40

diabetes, (NSAIDs) user, 

opioids user,                                                                              fracture of middle and distal tibia

high-energy fracture, Müller AO Classification of Fractures C

open fracture,                                                                           Gustilo-Anderson grade IIIB or IIIC

open reduction,                                                                         fixation model 

Infection

• Closed reduction and minimally invasive percutaneous plate osteosynthesis 
(MIPPO) have the low risks of nonunion for the treatment of tibial fractures.



Nonunion 
Treatment



TREATMENT :
Objectives:

• Treatment is directed at healing the fracture

• Returning the extremity and the patient to the fullest function possible

The treatment plan is broken into stages with the following priorities:
1. Heal the fracture

2. Eradicate the infection

3. Correct deformities

4. Maximize the joint motion and the muscle strength























question



question



Case discussion 













Thank you 



Treatment modifiers :
• Anatomical location – epiphyseal , metaphyseal , diaphyseal

• Segmental bone defects

• Prior failed treatment

• Deformities – length, alignment, rotation and translation

• Surface characteristics

• Pain and Function

• Osteopenia

• Mobility of the nonunion limb – stiff , lax

• Status of Hardware

• Motor/Sensory dysfunction

• Patients health and age

• Problems at adjust joints 

• Soft tissue problems




	Slide 1: PLEASE CLICK ON THE FOLLOWING LINK TO WATCH THE LECTURE ONLINE:- 
	Slide 2: BASICS IN NONUNION 
	Slide 3: Outlines :
	Slide 4: A 30 yr old male pt , MF , smoker  ; sustained a closed femoral shaft fracture after falling from his horse . Fixed by IM nail , 14 months the pt continue complaining of pain and weakness of his limb 
	Slide 5: NONUNION
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15:                          NONUNION
	Slide 16: Definition :
	Slide 17
	Slide 18: Pathophysiology, Etiology, and Risk Factors for Nonunion 
	Slide 19: In other words  … the factors that can influence the rate and the likelihood of uncomplicated and timely fracture healing are : 
	Slide 20: Fracture-Specific Factors Related to Nonunion 
	Slide 21
	Slide 22
	Slide 23: question
	Slide 24: Host Factors Related to Nonunion :
	Slide 25
	Slide 26
	Slide 27
	Slide 28: Ketorolac administered in the first 24 hours after fracture repair for acute pain management does not seem to have a negative impact on time to healing or incidence of nonunion for femoral or tibial shaft fractures.
	Slide 29
	Slide 30: Treatment Factors Related to Nonunion :
	Slide 31: Infection as a Factor Related to Development of Nonunion :
	Slide 32: Study of infected nonunion
	Slide 33: Termonology:
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39: PJI :
	Slide 40
	Slide 41
	Slide 42: Question about infected nonunion
	Slide 43: Question about infected nonunion
	Slide 44: Classification of Nonunion :
	Slide 45: Classification of nonunion :
	Slide 46: Atrophic Nonunion 
	Slide 47
	Slide 48: Initial post op xrays 
	Slide 49: Hypertrophic Nonunion:
	Slide 50
	Slide 51: Oligotrophic Nonunion :
	Slide 52
	Slide 53: Pseudoarthrosis  :
	Slide 54: Pseudoarthrosis in 20 years pt , after shotgun injury and nonoperative treatment. 
	Slide 55: Congenital pseudarthrosis of the tibia( 6.6 yr old pt ) . And  At 12.8 years old, 6.2 years after VFG (B) 
	Slide 56: Evaluation and Diagnosis of Nonunion :
	Slide 57: Patient History :
	Slide 58
	Slide 59
	Slide 60: Physical exam:
	Slide 61
	Slide 62
	Slide 63: Radiographic Assessment of Nonunion  
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70: Computer Tomography
	Slide 71: AP (A) and lateral (B) radiographs 6 months after repair of a distal humeral nonunion show equivocal healing.   C: Coronal CT demonstrates a lucent line consistent with nonunion prompting revision nonunion repair where solid healing, rather than
	Slide 72: Nuclear Imaging
	Slide 73
	Slide 74: Laboratory Studies for the Diagnosis of Nonunion 
	Slide 75: Prediction of Nonunion
	Slide 76:   
	Slide 77
	Slide 78
	Slide 79: Nonunion  Treatment
	Slide 80: TREATMENT :
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91: question
	Slide 92: question
	Slide 93: Case discussion 
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99: Thank you 
	Slide 100: Treatment modifiers :
	Slide 101

